ABSTRACT
Introduction
Bone immobilization with rigid internal fixation -RIF (plates and screws) instead of steel wires has been one of the most important changes in oral and maxillofacial surgery. Owing to the evolution of surgical techniques, the development of new screws and plates and the discovery of biocompatible materials, RIF is now considered essential for surgical success 1, 2 .
Several mechanical factors interfere with treatment outcome. One of these is the screw insertion torque value used on the tissue. Torque is directly related to bone stability, and excessive torque may cause micro-fractures 3 . Insertion torque values were analyzed using fresh bone. A maximum torque value (without producing micro fractures) of 70 N.cm could be used on bicortical bone and 50 N.cm on monocortical bone 4 Although there was a trend toward thicker bone formation when lower torque values were applied, the results were not significantly different ( Figure 6 ). 
Discussion
In vitro studies have been performed to investigate the mechanical principles of implants, but their interaction with biological factors has not been studied 5, [9] [10] [11] [12] . In 1987 13 , it was established that mechanical stimuli are the primary mechanism for control of bone formation. Osteoblastic differentiation depends on the strength and the stress applied 13 . One of the most important criteria for treatment success is to provoke minimal trauma at the surgical site. This requires the correct technique and the correct placement of material over bone 6, 14 . An in vitro study 9 correlated the insertion torque of the implants with stability in fresh bone, and concluded that these are directly associated. The primary stability of an implant can be evaluated by a specific torquimeter 9 .
High torque values don't mean that an implant will be adequately attached to bone. In fact, torque values approaching the experimentally determined maximum allowable value can lead to microfractures around the implant. In those studies, an industrial torquimeter was used rather than a specific instrument. There are some disadvantages to an industrial torquimeter, including the size and the difficulty in sterilization. Because of this, we preferred to manufacture a prototype of such instrument.
In 1993 3 , one paper reported that the insertion torque could predict the stability of the mechanical system. Other authors agreed with that [15] [16] [17] [18] [19] . Other authors reported a correlation between axial force and torque 5, [15] [16] [17] [18] 20 . In such procedures, it is suggested that screws should be placed gently 21, 22 . 27, 28 . Our results support such studies. We also observed that the higher the torque intensity, the bigger the number of inflammatory cells. Local tissue response is very important during the first weeks after implantation until bone fractures can be stabilized by bony callus 29 . We assayed bone repair at various time points, based on tissue repair period in rabbits (approximately three times faster than human metabolism). We decided to study the initial post-surgical trauma period through final bone tissue repair. Over the early days of the study (7 and 14 days), we observed a greater number of inflammatory cells when higher torque was applied.
Excessive drill speed can cause necrosis through thermal damage, so this should be avoided 23, 27 . The maximum temperature that can be tolerated by bone tissue without permanent damage is 47°C for one minute 27 . Higher temperatures can cause bone absorption and cell degeneration. Lower temperatures allow bone regeneration.
Copious irrigation during drilling is suggested to avoid thermal damage 27 . In this study, we used an electric drill with a controlled and constant speed, along with copious irrigation with 0.9% saline. We noted intense bleeding in the control sites on day 2 postsurgery. When control perforations were analyzed on days 7, 14, 21, and 42, the perforation site could not be localized nor could we see an inflammatory process or cell death, which suggests that we had an adequate thermal control with minimal interference to the experiment.
Studies on the mechanical tension of metallic implants over bone tissue consider micro tension over bone tissue to be a favorable stimulus to cicatrisation, causing, for instance, an improvement of bone density 27, 28 . . A small torquimeter was developed to evaluate the insertional torque and to compare treatment success 30 .
It was observed that the group with the best results was the one with moderate insertional torque (between 5 N.cm and 10 N.cm); the other groups received less than 5 N.cm or more than 10 N.cm.
The present study suggests that the higher the torque intensity, the bigger the ICN on days 7, 14, 21, and 42 after surgery, but this trend had no statistical significance. We observed that in the presence of screws, a thicker layer of bone tissue was formed after day 14 when lower torque was applied, but this result was not statistically significant. We found a thicker bone tissue layer around the screws on days 14, 21, and 42 as compared to days 2 and 7 after surgery.
Conclusions
The histological findings in this study did not achieve statistical significance. There was a trend toward an increase in inflammatory cells found in the bone tissue surrounding the titanium screws, which were the recipients of the largest torque effect. In addition, there was a tendency to form a lower thickness in the tissues surrounding the bone screws when they were inserted with higher torque. We conclude that there is a need for additional in vivo studies on the torque of insertion of titanium screws, to produce new insights.
